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THE MECHANISM OF TRIGLYCERIDE THERAPY
IN DERMATOMYCOSES*
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It is generally recognized that free fatty acids are good fungistatic compounds
but that the salts of these fatty acids have considerably less activity. However,
because of the practical limitations to the therapeutic use of free fatty acids the
salts usually are used in preference to, or at much higher levels than, the free
acid. Potentially, glycerol esters of fatty acids could be a constant source of a low
level of fatty acid if the esterase which splits the acid from the glycerol is present.
Since esterases are very ubiquitous in their distribution it seemed likely that the
superficial dermatophytes, serum, and cells of the skin could bring about the
hydrolytic cleavage of glycerol esters. This cleavage would continue until the
resulting low pH and the level of the products became inhibiting—an axiomatic
proposition in enzymology.
The experimental use of the simplest triglyceride, glycerol triacetate (triacetin),
in treating superficial infections caused by dermatophytes has been reported by
Johnson and Tuura (1). This paper presents the mechanism behind the theory
of triacetin therapy.
MATERIAL AND METHODS
The cultures of fungi used throughout this study were obtained from the
Dermatology Department of the University Hospitals and from the State
Laboratory of Hygiene. They were maintained on agar slants of Sabouraud's
medium.
Tests for fungistatic activity were made on Sabouraud's agar (pH 5.5) into which the
desired amount of triacetin was dissolved just before the agar was poured into sterile petri
dishes. When the enzyme esterase was desired in the medium, 5% human blood serum was
added to the medium after cooling to 50°C and the medium was poured into petri dishes.
The center of each dish of medium was inoculated with hyphal tips and the diameter of the
colony was measured after incubation at 25°C for 12 days. Fungistatic activity was noted by
comparing the diameter of the colony on media with and without triacetin.
The activity of esterase was measured by titrating the acetic acid liberated from triacetin
in 10 hours by the esterase from fungus cells and blood serum. One ml. of enzyme source
(suspension of mycelium or serum) was mixed with 8 ml. McElvain buffer at the chosen PH,
0.5 ml. triacetin, and 0.5 ml. of 30% formaldehyde to stop microbial growth. The mixture
was placed in large test tubes and incubated on a shaking machine at 37°C; after 10 hours,
50 ml. of 1 to 1 ethyl alcohol and ethyl ether, and one ml. of phenolphthalein were added
and the mixture was titrated with N/10 NaOH in absolute methyl alcohol. The blank,
a mixture containing all ingredients before incubation, was titrated and the reading sub-
tracted from the acidity produced during incubation.
The mycelium used in determining esterase activity was grown by submerged culture.
Twenty-five ml. of Sabauraud's medium in 100 ml. Erlenmeyer flasks was liberally inoculated
with hypha (and spores if present) from agar slant cultures of the dermatophyte. The flasks
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were then placed on a rotary shaker at 25°C and rotated about a radius of inch at a rate
of 150 cycles per minute. At the end of 4—5 days the flasks contained many masses of tangled
hyphae that could be strained from the medium and used in the esterase determination.
RESULTS AND DISCUSSION
The assay for fungistatic activity used here was chosen for its simplicity and
because of its minimum dependence upon the rate at which triacetin diffuses
through the medium. Table I shows that there is considerable variation in the
response of the dermatophytes to 0.05%, 0.1 %, and 0.25% triacetin; Epidermo-
phyton floccosum was the most sensitive while Trichophyton mentagrophytes,
T. rubrum and Microsporum lanosum were the most resistant. The most resistant
cultures, however, showed a degree of sensitivity by producing sparce, thin
growth and a much smaller mass of cells than the controls. Free acetic acid when
incorporated into the medium in place of triacetin gives a similar pattern of
inhibition in the range of 0.1 % to 0.25%. The fungistatic activity of 0.1 % tn-
acetin was enhanced by the addition of 5 % serum presumably because the
serum esterase hydrolyzed the ester linkages of the triacetin to release the fungi-
static acetic acid somewhat more efficiently than the esterase from the fungi.
Small amounts of wheat germ lipase were substituted for the serum with the
same results; in control experiments neither serum nor wheat germ lipase alone
had any effect on growth.
Table II shows that the three dermatophytes tested can hydrolyze triacetin
and that the rate of hydrolysis is influenced by pH. T. rubrum showed maximum
hydrolysis at pH 7.5 and a gradual decrease in hydrolysis as the pH was de-
creased to 3.5. T. mentagrophytes and serum showed a broad flat plateau of
maximum hydrolysis extending over a wide range of pH. M. audouini was very
actively hydrolytic in the range of pH 6.0 to 7.5. In general there was little or no
activity at pH 3.5.
In the experiment reported in Table II the source of esterase was the intact
TABLE I
The Effect of Different Levels of Triacetin in the Medium upon the Growth
of Certain Dermatophytes
Dermatophyte
Diameter of colony
Concentration of triacetin
0% 0.05% 0.1% 0.l%-j-5% 0.25% 0.5%
T. mentagrophytes..
T. rubrum
T. tonsurans
M. audouini
M. lanosum
E.floeossum
nun
84
71
34
80
79
57
mm
81
73
29
71
73
40
mm
66
59
17
52
37*
19
mm
41*
28*
5
12*
3
0
mm
12*
9*
5
7
14*
3
mm
0
0
0
0
0
0
* Very sparse, thin growth.
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TABLE II
The Effect of pH on the Hydrolysis of Triacetin by Esterases of Dermatophytes and Serum
Nile acetic acid produced
PH
T. rubrum T. menlagrophytes M. audouini Serum
ml ml ml ml
3.5 0.3 0.4 0 3.2
4.0 1.0 4.1 0.6 6.5
4.5 2.8 — 1.9 8.0
5.0 3.3 3.8 4.6 8.3
5.5 3.9 3.8 6.2 7.6
6.0 4.4 4.0 11.7 5.6
6.5 5.1 5.0 12.2 3.4
7.0 7.8 3.8 12.0 3.3
7.5 10.8 5.7 12.5 4.5
8.0 9.4 4.7 9.1 5.0
mycelium. It was later found, however, that the liquid medium in which the
dermatophyte had been grown also contained the esterase and that it showed
much the same activity and response to pH as did the intracellular esterase.
Because the esterase activity of the dermatophytes and of serum there can
be no doubt that triacetin is hydrolyzed to acetic acid and glycerol when applied
to an area infected by a dermatophyte. This hydrolysis is enzymatic and would
obey the elementary laws of enzyme kinetics, the most important one in this
instance is that the hydrolysis slows down and finally stops when the pH becomes
too acidic and when the products accumulate. The enzymatic hydrolysis of
triacetin becomes self-limiting because the chief product, acetic acid, decreases
the pH to the point of inhibition.
When the preparations containing triacetin used by Johnson and Tuura are
rubbed onto normal skin a slight but distinct odor of acetic acid is noticeable
shortly. This would indicate that the enzyme esterase is present on the surface
of the skin. For a limited number of experiments we obtained small amounts of
abdominal skin at postmortem and found esterase activity to be present; these
experiments might well be repeated using specific layers of skin and some of the
more refined technics of cytochemistry.
The results in Table I and the clinical results reported by Johnson and Tuura
indicate that triacetin is not a "magic bullet" fungistatic agent. Triacetin prob-
ably inhibits and kills the dermatophyte by presenting it with a constant low
level of the well-known mildly fungistatic agent, acetic acid. The fungistatic
properties of triglycerides of other fatty acids is currently being investigated.
SUMMARY
Triacetin in the range of 0.1 % to 0.25% is inhibitory to the growth of a number
of dermatophytic fungi. All of the dermatophytes tested produce an esterase
which may be found in the cells and in the medium; the esterase hydrolyses
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triacetin over a rather wide range of pH. The fungistatic property of triacetin
probably depends upon the action of esterase which liberates acetic acid at pH
4.0 and above.
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